'Although human genius reveals itself in various inventions, corresponding with various instruments to one and the same end, it will never find an invention more beautiful, easier or shorter than that of Nature, since in her inventions nothing is lacking and nothing superfluous.'! '... those who knowing how many different automata or moving machines the industry of man can devise, using only a few pieces, by comparison with the great multitude of bones, muscles, nerves, arteries, veins and all the other parts which are in the bodyofevery animal, will consider this body a machine, which, having been made by the hands of God, is incomparably better ordered, and has in it more admirable movements than any of those which can be invented by men," The two statements above are separated by nearly a hundred and fIftyyears of scientific achievement. The author of the first is Leonardo da Vinci (1452-1519), Renaissance artist, engineer and anatomist; that of the second Rene Descartes (1596-1650), scientist and philosopher of the Enlightenment. That two writers from such diverse backgrounds should expound so similar a philosophy is remarkable, but more important is the difference between them. Leonardo's passage displays a simple, reverent belief in the ultimate supremacy of nature, acknowledging the doctrine of final causes laid down by Galen more than a millennium earlier.
Descartes concurs on the superiority of nature but with a subtle shift of emphasis suggests that this is because the Creator had better materials to work with. This shift in perspective was symptomatic of a fundamental change in the way man saw himself and the natural world, a change which resulted in a new, mechanistic approach to natural philosophy.
The foundations of this new approach were laid in Italy in the i5th century by the Humanist movement, a great enrichment of knowledge which resulted from the rediscovery of Greek and Roman works preserved over the centuries by Arabic translators such as Avicenna. The classical revival embraced not only medicine, philosophy and botany, but also several works on mechanics including De Architectura by Vitruvius (c. 25 BC), published in 1486 and containing accounts of hydraulics and water pumping engines, and Archimedes' seminal works on mechanics. The effect of this new injection of knowledge was to stimulate renewed interest in the natural and mechanical sciences throughout Europe, not least in the fertile imagination of Leonardo da Vinci.
Leonardo's writings on anatomy and physiologyand his anatomical illustrations are well known: they were to form part of his work De Figura Humana, commenced in 1489 but never completed. A few examples from these writings illustrate Leonardo's ability to describe the natural world in terms of mechanics. In an introduction to his principles of dissection he writes'... nature cannot give the power of movement to animals without mechanical instruments, as is shown by me in this book on the works of movement .. .'3. He correctly places the fulcrum of such movements'... at the centre of their gravity which is placed in the middle with unequal weights at the sides of it, and it has a scarcity of abundance of muscles, and also the action of a lever and counterlever." He also recognizes that muscles have a postural role, for example in supporting the spinal column, and describes the construction of a model likening the arrangement to a ship's rigging: 'You will first make the cervical spine with its tendons like the mast of a ship with its side-rigging, without the head. Then make the head with its tendons which give it its movement on its fulcrum".
Leonardo was particularly interested in the fluid mechanics of blood flow, and made a careful study of the eddy currents in the aortic sinuses: he proposed the construction of a model in glass to study these currents using grains of grass or coloured water.' Throughout his notes each example is illustrated by detailed sketches, and this is particularly so when Leonardo discusses the mechanics of flight. His numerous designs for flying machines are famous as much for their impracticality as their invention, yet Leonardo was well aware of the limitations of mechanical analogy in reproducing nature: 'A bird is a machine working according to mathematical law, which machine it is within the capabilities of man to reproduce with all its movements, but not with a corresponding degree of strength."
Few other contemporary medical writings contain examples of mechanical analogy: the anatomist Andres de Laguna, writing in 1535, compares the action of the larynx to that of a flute", but neither Berengar of Carpi, Charles Estienne nor the great Andreas Vesalius draw comparisons of this type. Belief in the perfection of nature is a recurring theme in natural philosophy from the earliest Greek writings to the present day: certainly it was widespread in Leonardo's time and it may be that his contemporaries disapproved of the reduction ofliving matter to a collection of levers and counterpoises. It is more likely, however, that their reluctance to embrace this new approach was rooted in the imperfections of contemporary mechanics which was mostly unsuited to the description of complex biological events.
One sphere ofknowledgewhich proved the exception was the science of hydraulics: stimulated by the newly available works ofVitruvius, Archimedes and Hero, the design of water engines and drainage systems had undergone many advances during the draining of the Low Countries. It is not therefore surprising that such examples which occur in the literature ofthe 16th and early 17th centuries involve hydraulic devices and are associated with the great advances in cardiovascular physiology of thispertod.
The first of these occurs in a paper by the Paduan anatomist Alessandro Benedetti, published in 1502, where he likens the action of the heart valves in permitting unidrectional flow to that of sluice gates in a canal: '... three valves are purposefully placed by nature like moveable gates which by turns when the heart is contracted in emitting blood do not completely shut off its passage, for these valves close inward." A century later, and also at Padua, Hieronymus Fabricius ab Aquapendente (1537-1619) echoed the theme of canal systems in his famous account of the venous valves, in which he compares their action to that of a dam or mill sluice", In fact he suggested the function of the valves was to control centrifugal flow in the veins, a notion exactly opposite to their true function, but in this context the analogy of a dam or weir is particularly apt. It was not until 1628 that his famous pupil William Harvey (1578-1657), then a physician at St Bartholomew's Hospital, correctly described the function of the venous valves in preventing centripetal flow, in which role they were fundamental to his account of the circulation of the blood. Harvey occupies a key role in the history of modern medical philosophy: as a student at Padua from 1600 to 1602 he acquired both a thorough grounding in the received wisdom of Galen and Aristotle and a keen interest in experimental physiology, a discipline almost extinct elsewhere in Europe. There has been much debate amongst medical historians as to the importance (indeed the existence) of mechanical philosophy in Harvey's work, and in particular its relevance to his discovery of the circulation. Central to this debate is the concept of the heart as a pump, the earliest reference to which occurs in notes for the lectures which he delivered to the College of Physicians in 1616. The analogy was not entirely new: Galen compared the action of the heart to that of a pair of blacksmith's bellows, both possessing their attractive force by virtue of nature's abhorrence of a vacuum. Harvey's account, however, does not deal with 'attractive faculties' but with the mechanical function of the heart: 'From the structure of the heart, it is clear that the blood is constantly carried through the lungs into the aorta as by two clackes of a water bellows to rays water. It is certain from the experiment of the ligature [the test of venous filling which has become known as Harvey's sign) that there is a passage of the blood from the arteries to the veins. And for this reason it is certain that the perpetual movement of the blood in a circle is caused by the heart beat.'8 The notes are for the most part written in Latin, but occasional words and phrases such as the above analogy are in English. The Mysteries ofNature and Art by John Bate (a work on mechanics published in 1634) defines a clack(e) as 'A peece ofleather nayled over any hole, having a peece of lead to make it lie close, so that the ayre or water in any vessell may thereby bee kept from going out,'? Harvey is thus describing a pump with one way valves, very different to Galen's bellows which would have consisted of a simple bladder and nozzle. The water bellows to which Harvey alludes was uncommon Journal of the Royal Society of Medicine Volume 83 June 1990 397 in England, but he may have been referring to the bellows fire engine pump, introduced in London by William Burroughs in 1625 10 . Harvey uses a similar analogy in a letter to Jean Riolan in 1649: 'When water is forced up to a height through lead pipes by the force and stroke of a fire engine, we are able to distinguish and observe a sequence of events in the selfsame outflow of water (even ifthis is many stages distant) at each compression of the instrument. At each stroke there is a beginning, increase, climax and vehemence and so it is at the opening of a split artery.'!'
There is no mention of the pump analogy in Harvey's famous treatise Exercitatio Anatomica de Motu Cordis et Sanguinis in Animalibus (The Movement of the Heart and Blood in Animals), which he formally presented before the President of the College of Physicians on its publication in 1628, but this is more probably due to the nature of the book than to any doubts about the analogy itself. De Motu Cordis is an exercise in scientific logic, written in the rigidly ordered Latin of the period, a style which does not easily lend itself to the somewhat vulgar device of analogy. Nevertheless, mechanical analogies are not totally ostracized from Harvey's greatest work. In chapter 5 of De Motu Cordis he compares the sequential contraction of the auricle and ventricle during systole to the movement of interlinked cogwheels and to the firing of a flintlock pistol!'.
In marked contrast to the formal elegance of De Motu Cordis, Harvey's lectures to the College of Physicians are filled with many colourful analogies, including a comparison of the lungs and thorax to a bladder within a bellows" and the mechanism of erection to the inflation of a glove". The folding of the mesentery is likened to that of a ruff", and the action of peristalsis he compares successively to the filling of a pudding or sausage and the cracking of a whip", In each of these cases, however, he lapses into English to make the analogy before continuing the lecture in Latin. Such populist touches would not be appropriate during a formal presentation of the new theory to his scientific peers, and this may explain the absence of any reference to the pump analogy in the subsequent publication.
The emergence of a mechanical philosophy throughout the 16th and 17th centuries resulted in a fundamental change in the way we see ourselves: from a perfect creation of nature to, as Christopher Morley has put it, 'an ingenious assembly of portable plumbing'P. Harvey's role in this change was an important one: his account of the circulation demonstrated that complex biological systems may be represented in simple mechanical terms, a concept which remains fundamental in physiology to the present day. 
